In the beam pipe of the Damping Ring (DR) of a linear collider, an electron cloud may be produced by ionization of residual gas or photoelectrons and develop by the secondary emission process [1] . Coupling between the electrons and the circulating beam can cause coupled-bunch instabilities, coherent single-bunch instabilities or incoherent tune spreads that may lead to increased emittance, beam blow-up and ultimately to beam losses. We present recent computer simulation results for the electron cloud instability thresholds in the GLC/NLC (X-Band) main DR and for the TESLA DR.
INTRODUCTION
The electron cloud was identified as a possible limitation in the damping rings of a future linear collider in the ILC TRC document [2] . Extensive studies on the possible electron cloud effect have been performed at SLAC for the GLC/NLC and the TESLA positron main DR [3, 4, 5] and the positron low emittance transport lines. The results are obtained by computer simulation codes HEAD-TAIL, QUICKPIC, PEHTS (single-bunch), CLOUD MAD (incoherent effects) and POSINST (coupled-bunch) [6, 7, 8, 9, 10] developed to study the electron cloud effect in particle accelerators. If the cloud is not suppressed, it will grow until it reaches an equilibrium density close to the neutralization level, ratio e/p=1, but in most cases the beam-cloud interaction sets a much lower limit on the acceptable cloud density. In this paper we will present the electron cloud density thresholds for the above mentioned effects. The generation and development of the electron cloud in the linear collider damping rings is discussed in [11] .
HEAD-TAIL AND SINGLE-BUNCH INSTABILITY
We have estimated the electron cloud density threshold for the single-bunch fast head-tail instability in the Xband and TESLA damping rings. The results have been benchmarked with three different simulation codes, namely HEAD-TAIL [7] , QUICKPIC [9] and PEHTS [10] . The interaction between the electrons and the beam particles is expressed by the equation of motion dp p ds = − 2r e γ ∂φ e (r) ∂r dp
where r e is the classical electron radius, p p,e respectively the beam particle and the electron momentum and φ e,p are * Work supported by the US DOE under contracts DE-AC03-76SF00515 and DE-AC03-76SF00098. † mpivi@slac.stanford.edu anism for the fast head-tail effect. Thus, the maximum allowed electron cloud density depends on the synchrotron tune and the driving force. In the X-band MDR, an headtail instability is observed to occur for an average electron cloud density close to 2.0×10 12 e m −3 , as shown in Fig. 1 , with growth time on the order of 100 µsec. The three codes show consistent results. This is one order-of-magnitude lower than the expected cloud neutralization level if a cloud is allowed to form as shown in Table 2 . A slightly positive chromaticity or a larger synchrotron tune increases the instability threshold as expected, but this is unlikely to provide the margin of safety that is desired. The single-bunch instability threshold for the 17000 m long TESLA DR is at 1.0 ÷ 5.0×10
10 e m −3 also well below the expected cloud neutralization level, see Figs 2; TESLA DR simulation results have been benchmarked against the three codes and are consistent, see Fig. 3 . Furthermore, the instability is accompanied by severe beam particle losses in the first few turns. Finally, we have used CLOUD MAD to compute the possible incoherent tune spread along the bunch when passing through the TESLA wiggler beam line with result shown in Fig. 4 . A summary of the Electron cloud instability thresholds for both damping rings are listed in Table 2 . 
COUPLED-BUNCH INSTABILITY
The calculation of the coupled-bunch wake field is implemented in the POSINST code. After an electron-cloud have reached an equilibrium density a single perturbing bunch is displaced from the central orbit by ∆y. The electron cloud is perturbed dynamically causing a dipole wake which affects the subsequent bunches. Simulation results show that the wake is significant for few trailing bunches following the perturbing bunch. Thus, with good approximation, the instability growth rate τ
is given by the first k=1 collective oscillation mode term as
where E is the beam energy, s B the bunch spacing from the displaced bunch and ν β,y the vertical betatron tune. We use to define the coupled-bunch instability threshold as the cloud density that results in a ∼100 µsec growth time, which can be conveniently corrected by the feedback system. Thus, in the X-band main damping ring the threshold is computed at a cloud density > 3.0 × 10 13 e m −3 , see Fig. 5 . Similarly, the threshold in the TESLA DR is at cloud density > 1.6×10
13 e m −3 .
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R&D EFFORT TO REDUCE THE SEY
The electron cloud develops under conditions where the average secondary electron yield (SEY) of the electrons hitting the beam pipe wall is larger than one. SLAC has an active R&D effort to find a cure for the electron cloud effect by proper surface treatments. In particular, we are measuring the SEY of thin film coatings, exploring durability and conditioning strategies, investigating new surface grooved profile design and finally planning to install test demonstration chambers in PEP-II. We have recently developed metal surfaces with triangular and rectangular grooved design profile. Such a surface is expected to reduce the escape probability of secondary emitted electrons, reducing considerably the effective SEY [12, 13] . A fabricated aluminum triangular surface design with an opening 40 degree angle shows a SEY reduction of 35%. We measured a peak SEY of ∼0.75 for the rectangular copper sample profile shown in Fig 6. A test chamber with a grooved profile is planned to be installed in PEP-II. 
CONCLUSIONS
We have estimated the threshold instability for the electron cloud density for the X-Band and TESLA linear collider damping rings. A promising possible solution is the use of rectangular grooves surface profile that would reduce the SEY of the vacuum chamber below 0.8 and lower. We are particularly grateful to K. Ohmi, A. Z. Ghalam, F. Zimmermann, G. Rumolo, E. Benedetto and R. Wanzenberg for simulation related discussion and studies, and to R. Kirby and Le Pimpec and G. Stupakov.
